linearly until it reaches a level corresponding to the LATER threshold. In repeated trials this level is constant, but the rate of rise varies from trial to trial, which explains Summary the corresponding variability of saccadic latency itself. Similar "rise-to-threshold" behavior is shown by supeMany factors influence how long it takes to respond rior-colliculus neurons, whose initial firing level often to a visual stimulus. The lowest-level factors, such as reflects target probability [6] and by parietal-cortex neuluminance and contrast, determine how easily differrons, whose rate of rise seems to reflect the supply of ent elements of a target can be detected. Higher-level information [7-9]. factors are to do with whether these elements constiOne might at first take this rise to threshold to repretute a stimulus requiring a response; they include prior sent something like a sequential statistical test of signifiprobability and urgency. It is natural to think of these cance, the most efficient way of determining the existwo processes, detection and decision, as occurring tence of a stimulus in the presence of sensory noise in series, so that overall reaction time is essentially
Figure 1. Latency as a Function of Contrast and Probability
Representative results for step (filled symbols) and gap (open symbols) tasks with different target probabilities for one subject show the relation between saccadic latency and the function 1/log(1 ϩ C/C 0 ), which represents the model's prediction of 0 , the time taken to detect a stimulus of contrast C. The lines represent the function ϭ K/log(C/C 0 ) ϩ 1 , where 1 is different for step and gap tasks and for different probabilities, but K and C 0 are constant for any one subject.
or right with different probabilities [2] with simultaneous K/log 10 (1 ϩ C/C 0 ) ϩ 1 , where 1 is different for each task condition (probability, or step versus gap) but K and C 0 manipulation of target contrast. As well as conventional step tasks (in which the fixation spot is extinguished at are identical for all conditions. Minimizing the sum of squares of deviations from linearity gave these values, the same time that the target is presented), we used gap tasks, in which the extinction of the fixation light and no data set from any subject deviated significantly (ANOVA, p ϭ 0.05) from linearity. For different subjects precedes the appearance of the target and thus increases expectation still further.
the best-fit values of K vary somewhat, from around 7.5-13 ms per log unit of contrast (Table 1) . It is helpful to consider first the expectations in this experiment because they suggest informative ways of It is apparent that different probability levels, both for step and gap conditions, produce a parallel shift of what analyzing and plotting the data. We want to know whether the overall latency can be expressed in the is otherwise a straight-line relationship (parallelity was tested by an F test on the ratio of residual sums of form ϭ 0 ϩ 1 , where 0 is the contribution of the first, contrast-dependent detection stage and 1 is that of squares for individual versus group fitting of the lines [24] and confirmed at p ϭ 0.05 for all data from all the second, probability-dependent decision stage, plus transport delay and other factors that do not vary signifisubjects). This implies that there are indeed two separable additive components to latency, one dependent on cantly over the time course of an experiment. If the detection stage does indeed consist of a random-walk prior probability and the other on contrast. The intercept gives the value of 1 and is plotted in Figure 2 as a rise to threshold, then (1/ 0 ) represents its mean rate of rise, which must be some function φ(C ) of stimulus function of log probability; a previous study [2] , with constant contrast, demonstrated a linear relation becontrast; 0 will then be proportional to 1/φ. It is natural to choose a logarithmic function for φ, more specifically tween and log probability, although here, with fewer probabilities, smaller data sets, and extra conditions, one that encodes the difference between the signal when the target is present and when it is not [ An analysis of this kind the gap task to p ϭ 100%, one might predict fixed delays in the system to amount to something like 100 ms; howrequires more data than were available in the present study but is the subject of a current series of experiever, this is certainly an overestimate because even if the target is always on the same side, there is still uncerments. The history of searching for empirical relationships tainty as to the time it appears, and in any case one cannot be sure that some other kind of prior warning between reaction time and such stimulus factors as intensity or contrast is a long one, dating back nearly 140 might not have reduced latencies even more than a gap of this particular duration. Under these conditions, these years [28, 31] . Donders' view was that reaction time could be analyzed in terms of consecutive processes considerations put an upper bound of 100 ms on such delays. Finally, in Figure 3 , 1/ 0 is plotted as a function (his "method of subtraction"), but this approach subsequently fell out of favor with psychologists, who preof log contrast, for all subjects under all conditions, together with the function log(1 ϩ C/C 0 )/K, which, if this ferred models that tried to describe reaction times in terms of a single process that often represented optimal is model is correct, should predict 1/ 0 . The main conclusion is that the variable part of sacdetection of a stimulus in the presence of sensory noise. The development of these ideas has been thoroughly cadic reaction time can be decomposed into the sum of two independent delays, 0 and 1 , influenced by distinct discussed by Luce [32] . However, apart from the obvious sense in which the neural processing of sensory inforaspects of the circumstances of the experiment. When target visibility is high, 0 contributes little (for subject mation is necessarily serial, although stochastic considerations and the existence of numbers of neurons in A, with a target of 100% contrast it is only some 13 ms) and 1 dominates the reaction time. However, as target parallel may blur the transition from one stage to the next, it is clear that the variability in reaction time under contrast is reduced, 0 rises in a remarkably regular way (to some 62 ms for 8% contrast in subject A) and comes conditions of good visibility is vastly greater than can be explained in this way and comes not from detecting to dominate overall behavior. It should be pointed out that the data presented here are also compatible with the stimulus but from the second stage, decision, with its linear rather than random-walk rise to threshold, which some other contrast functions that have been postulated in the past [25] [26] [27] by embodying the well-known principle from game theory [36] , that randomness is the best strategy for both
